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INTRODUCTION 
 
This document responds to the first set of comments received in a letter from the New 
Mexico Environment Department (NMED) to the U.S. Department of Energy (DOE) and 
Sandia Corporation (Sandia) on November 24th, 2006 regarding the Mixed Waste Landfill 
(MWL) Corrective Measures Implementation (CMI) Plan for Sandia National Laboratories 
(SNL).  The letter is entitled “Notice of Disapproval: Mixed Waste Landfill Corrective 
Measures Implementation Work Plan, November 2005, and Requirement for Soil-Vapor 
Sampling and Analysis Plan, Sandia National Laboratories” [EPA ID NM5890110518, 
HWB-SNL-05-025]. 
 
The NMED letter contains two sets of comments, divided based on subject.  The first set is 
entitled, “Part 1, Comments on Landfill Construction Plans and Performance Modeling”.   
The second set is entitled, “Part 2, Comments on the MWL Fate and Transport Model 
(Appendix E)”. The NMED letter also includes a request for a Soil-Gas Sampling Plan to 
obtain more current soil gas data.    
 
This response document provides the first set of NMED comments, and DOE/Sandia’s 
responses.  NMED comments are listed in boldface, followed by the DOE/Sandia response, 
written in normal font under “Response”.   This document also contains a sampling and 
analysis plan (SAP) requested by NMED to obtain more current data on volatile organic 
compounds (VOCs), tritium, and radon at the MWL.  The SAP is presented in Appendix A.   
 
 
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, 
for the United States Department of Energy’s National Nuclear Security Administration under 
Contract DE-AC04-94AL85000.
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Part 1.  Comments on Landfill Construction Plans and Performance Modeling 
 
1.  -- Executive Summary, Page iii, last bullet --  Define the term "climax ecological 
community". 
 
Response:  The term “climax ecological community” is a term for a late or final stage in the 
development of an ecological community in which the composition of plants and animals is 
relatively stable and well-matched to environmental conditions.  In the case of the MWL, the 
climax ecological community would be classified as Desert Grassland (Dick-Peddie, 1992), 
under current climatic conditions. 
 
2.  Section 2.1 --  Provide a more detailed schedule that, at a minimum, indicates 
completion times for the following cover and project elements: subgrade, bio-intrusion 
barrier, native soil layer, topsoil layer, seeding, fencing, overall completion of project, 
and submittal of Corrective Measures Implementation (CMI) Report to NMED. As the 
actual start time is dependent on when the CMI Plan is approved, the completion times 
can be proposed as the number of days from the start time (assume the start time = 0 
days). 
 
Response:  A detailed schedule for the cover construction activities is presented below.  
Subgrade preparation activities should be completed by December 31, 2006.   The 
cumulative schedule assumes approval to install the cover is received at start time T=0 days 
(T0).  Assumptions include the following: 
 

1) NMED approves the SAP for soil gas VOCs, tritium, and radon at the MWL within 
fifteen days of receiving the document, allowing rapid implementation of the soil gas 
sampling activities. 

 
2) DOE/SNL complete the soil gas and tritium sampling activities by mid-January, and 

cover construction activities are initiated shortly thereafter, allowing the current 
MWL field crew and heavy equipment to be retained. 

 
3) The cover start time T0 assumes full NMED approval of the MWL cover design 

presented in the CMI Plan (SNL/NM November 2005), as well as approval of the 
DOE/SNL responses to the Part 1 NOD comments.  
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TASK 
Task 

Duration 
(Working 

Days) 

Cumulative 
Time From T0

(Calendar 
Days) 

Receive Approval To Install Cover (T0) 0 days 0 

Screen Native Soils at the Borrow Areas 50 days 78 
Extend MWL-MW4 Well Casing; Service Pump and Packer 20 days 44 
Haul and Place Bio-Intrusion Barrier Rock 45 days 62 
Haul Native Soil from Borrow Areas to MWL 30 days 47 
Place Native Soil Layer 50 days 132 
Procure 3/8" Crushed Gravel for Topsoil Layer 20 days 103 
Stockpile Topsoil 14 days 93 
Blend 3/8" Gravel with Topsoil 15 days 118 
Haul and Place Topsoil Layer 30 days 190 
Seed Cover and Surrounding Area 10 days 204 
Install Fencing 10 days 218 
Demobilize  20 days 225 
Overall Completion of the Cover Construction Project 209 days 225 
Submit Corrective Measures Implementation Report to NMED 130 days2 407 
 

1Subgrade preparation should be completed by 12/31/2006 
2180 calendar days 
 
 
3.  Section 5.2.2.1.1, last paragraph --  Describe the rainfall event that was simulated in 
the second in situ test. 
 
Response:  A short-duration rainfall-simulation study was undertaken in 1998 to estimate 
evapotranspiration rates following natural rainfall events, and to provide infiltration and 
percolation data useful for fitting unsaturated models (SNL, April 1999; Wolford, 1998). A 
10 ft by 10 ft plot was established approximately 100 ft northwest of the MWL IP test plot, 
located approximately 500 ft west of the MWL.  A neutron access tube was installed in the 
center of the plot, and initial moisture contents were measured using gravimetric samples and 
neutron logging prior to initiating the rainfall event.   
 
The simulated rainfall event consisted of applying 80 gallons (303 liters) of water, equal to 
1.28 inches over 100 ft2, to the plot over a period of 38 minutes during the afternoon of 
August 20, 1998.  The water was distributed uniformly over the plot by subdividing the plot 
into 4 quarters, and sprinkling from a hose for known time periods on each section of the 
plot.   
 
The soil within the plot was subsequently sampled at 3-inch depth increments between 
August 20 1998 and September 30, 1998 to obtain soil-water content values over time 
following application of the water.  The data collected were used to fit infiltration and 
unsaturated flow parameters, as well as to estimate evapotranspiration rates for modeling 
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purposes.   Additional details on the artificial rainfall experiment simulated in the second in 
situ test are presented in Wolford, 1998. 
 
4.   Section 5.2.2.2, 1st paragraph on page 5-4  -- Specify whether the degree of 
compaction was measured using the standard or modified proctor test. 
 
Response:  The degree of compaction was measured using Standard Proctor tests.  The 
results are tabulated in Attachment C of Appendix A, “Geotechnical Report”, in the 
document, "Deployment of an Alternative Cover and Final Closure of the Mixed Waste 
Landfill, Sandia National Laboratories, New Mexico" (SNL September 1999).   
 
5.   Section 5.3.2.4, next to last sentence —This sentence refers to a sand layer with an 
initial water content of 0.036 cubic centimeters being used for a boundary condition, 
Normally, water content of soil is expressed as a percentage (of the ratio of the mass of 
water per the mass of solids, or in the case of volumetric water content the ratio of the 
volume of water to the total volume of soil). Confirm whether this value and unit of 
measurement are correct. 
 
Response:  The units for initial water content in the next-to-last sentence in Section 5.3.2.4 
were incorrect.  This sentence should read, “Instead, a coarse sand layer with an initial water 
content of 0.036 cm3/cm3 was used for its lower boundary condition”. 
 
The text in this section has been revised accordingly.   
 
 
6.  Section 5.7.1  -- Specify the values used for the variables R, K, LS, VM and sources 
of the values used in the MUSLE equation to predict soil loss by water erosion. 
 
Response:   The calculation set for potential soil loss from the MWL cover using the 
Modified Universal Soil Loss Equation (MUSLE) was originally presented in Appendix D of 
the document, “Deployment of an Alternative Cover and Final Closure of the Mixed Waste 
Landfill, Sandia National Laboratories, New Mexico” (SNL/NM September 1999).  A copy 
of this calculation set, entitled “Erosion and Slope Stability Calculations”, is included as 
Attachment 1 to this NOD response.  This calculation set includes copies of the tables and 
figures from which the variables R, K, LS, and VM were determined.     
 
References used to prepare this calculation set include 
 

• Geotechnology of Waste Management, 2nd Ed., Issa S. Oweis, Raj P. KHera, 
February, 1998. 

• AGRA, Mixed Waste Landfill Cover, Tabulation of Test Results performed by 
AGRA Earth & Environmental on May 17, 1999. 
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Values used for the variables and sources for the values are shown in the table below. 
 

Parameter Variable Value Additional Information 
Rainfall Factor R 35 Determined from isoerodent map of the western United 

States, illustrating average annual values of the rainfall 
factor, R.  See Figure 1, Sheet 9 of Attachment 1. 
 

Soil Erodibility Factor K 0.44 Approximate value of K, based on a loamy very fine sand 
with organic content < 0.5%.  See tabulation of AGRA test 
results, Table 1, Sheet 10 of Attachment 1; K determined 
from Table 2, Sheet 12, of Attachment 1.   

Topographic Factor for 
Cover  

(2% slope) 

LS  0.28  See Sheets 5 and 6 of Attachment 1. 

Topographic Factor for 
Sideslope (16.7% 

slope) 

LS 1.32 See Sheets 5 and 6 of Attachment 1. 

Erosion Control Factor 
for Cover (no 
vegetation) 

VM 0.06 Assumes no vegetation was yet established; that straw 
mulch had been applied to the cover and side-slopes at 2 
tons/acre, and that the mulch was crimped into soils with a 
disk.  See Sheet 7 and Sheet 14 of Attachment 1. 
 

Erosion Control Factor 
for Sideslope  

(no vegetation) 

VM 0.11 Assumes no vegetation was yet established; that straw 
mulch had been applied to the cover and side-slopes at 2 
tons/acre, and that the mulch was crimped into soils with a 
disk.  See Sheet 7 and Sheet 14 of Attachment 1  

Erosion Control Factor 
for Cover and Sideslope 
(vegetation established) 

VM 0.01 Assumes that vegetation is established on both the cover 
and side-slopes 12 months after seeding, and assumes 
that one-half the straw mulch remained.   See Sheet 8 and 
Sheet 15 of Attachment 1. 
 

 
 
7.  Section 5.7.2 --   Specify the values used for the variables I, k, C, L, V and sources of 
the values used in the WEQ equation to predict soil loss by wind erosion. 
 
Response:   The calculation set for potential soil loss from the MWL cover using the Wind 
Erosion Equation (WEQ) was originally presented in Appendix D of the document, 
“Deployment of an Alternative Cover and Final Closure of the Mixed Waste Landfill, Sandia 
National Laboratories, New Mexico” (SNL/NM September 1999).   A copy of this 
calculation set, entitled “Erosion and Slope Stability Calculations”, is presented as 
Attachment 2 to this NOD response.  This calculation set includes copies of the tables and 
figures from which the variables I, k, C, L, and V were determined.  
 
References used prepare this calculation set include 
 

• Natural Resources Conservation Service (NRCS) National Agronomy Manual, 190-
V-NAM, 2nd Ed., Part 502, March 1988.  

 
• 2) N.P. Woodruff and F.H. Siddaway, 1965.  “A Wind Erosion Equation,” Soil 

Science Society of America Proceedings, Vol. 29, No. 5, Pages 607-608. 
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Values used for the variables and sources for the values are shown in the table below. 
 

Parameter Variable Value Additional Information 
Soil Erodibility Index 
for Cover (2% slope) 

I 134 
tons/acre/year 

Based on erodibility index for a loamy very fine sand, 
as determined by AGRA test results. See Sheet 2, 9 
and 11 of Attachment 2.  

Soil Erodibility Index 
for Sideslope 
(16.7% slope) 

I 188 
tons/acre/year 

Based on erodibility index for a loamy very fine sand, 
as determined by AGRA test results. See Sheets 3, 9 
and 11 of Attachment 2. 

Total Surface 
Roughness (Cover 

and Sideslope) 

k 1.0 Based on the assumption that the engineered cover 
and sideslopes will be smooth and without ridges.  
See Sheets 3, 4, 13 and 14 of Attachment 2. 

Climatic Factor C 120 Index of the relative erosivity by geographic location.  
See Sheets 5 and 15 in Attachment 2. 

Unsheltered Distance 
(Cover) 

L 524 ft Field length along the prevailing wind direction.  See 
Sheets 5 and 15 of Attachment 2. 

Unsheltered Distance 
(Sideslope) 

L 25 ft Field length along the prevailing wind direction.  See 
Sheets 5 and 15 of Attachment 2. 

 
Vegetative Cover 

Factor (Cover) 
 

V 4,500 small 
grain equivalent 

Assumes no vegetation was yet established; that 
straw mulch had been applied to the cover and side-
slopes at 2 tons/acre, and that the mulch was crimped 
into soils with a disk.  See  

Vegetative Cover 
Factor (Sideslope) 

V 3,200 small 
grain equivalent 

Assumes vegetation is established on cover and 
sideslopes 12 months after seeding, and one half the 
straw mulch remains.  Also assumes that 400 small 
grain equivalent of native grass is established on 
cover and sideslopes. 

 
 
8. Section 7.0 -- The NMED expects the vadose zone to be monitored for volatile organic 
compounds, tritium, and radon, in addition to soil moisture. The NMED may also 
require soil-gas monitoring to be conducted at depths other than at 173 feet, as implied 
by the Permittees in the second paragraph of Section 7.1. Monitoring details will need 
to be included in the long-term monitoring and maintenance plan, due within 180 days 
following approval of the CMI Report. No response is required at this time. 
 
Response:   DOE/Sandia are proposing a robust soil-gas monitoring system for long-term 
monitoring at the MWL. The soil-gas monitoring system will serve as an early-warning 
system to protect groundwater from potential migration of contaminants.  Additional 
information regarding the proposed monitoring, including the parameters and depths to be 
monitored, will be included in the DOE/Sandia responses to the second set of comments 
within this NOD (Part 2).  Further details will be included in the Long Term Monitoring and 
Maintenance Plan (LTMMP), to be submitted within 180 days of the NMED’s approval of 
the MWL CMI Report. 
 
9. Figure 5-1 -- Clarify which curves are representative of the PET data from the four 
National Weather Service stations in New Mexico and which are representative of the 
predicted PET data. 
 
Response:  The PET curves for the Cochiti, Elephant Butte, Socorro, and Bosque del Apache 
National Weather Service Stations are delineated by wider lines and have no symbols. The 
curves representing the PET data predicted by HELP-3 are delineated by much narrower 
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lines, and have symbols identifying the monthly PET values predicted by the model. 
 
10. Appendix A, Construction Specifications, Section 02930, Reclamation seeding and 
Mulching, Part 3.1.2, #1  --  Explain why the TA-3 borrow pits are not to be reseeded by 
the contractor, given that erosion of the borrow pits should be prevented. 
 
Response:  Once the MWL cover has been constructed and the TA-3 borrow pits are no 
longer required for environmental restoration activities, they may be transferred over to 
Sandia Facilities for continued use at Sandia.  However, if the TA-3 borrow pits are not 
needed by Facilities, they will be seeded and reclaimed as described in Appendix A, 
Construction Specifications, Section 02930, Reclamation Seeding and Mulching. 
 
11.  Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.3, #4 -
-  The Permittees should consider changing the requirement that no proof rolling be 
conducted within 2 feet of any groundwater monitoring well, measuring device, or other 
placed surface.  The NMED strongly suggests changing the requirement to preclude all 
heavy equipment from operating within 3 feet of wells or other measuring devices. 
 
Response:  The requirement will be changed to preclude all heavy equipment from operating 
within 3 feet of any monitoring well or measuring device.   
 
12. Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.4, #8 
and Part 3.3.6., #9 -- Both of these sections contain language stating that nonconforming 
work shall be redone until the specifications are attained "or the Operator accepts the 
placement conditions”.  Please note that the NMED expects construction of the cover to 
comply substantially with the specifications in the approved CMI Plan. Failure to 
achieve the specifications in the approved CMI Plan, or obtain an NMED-approved 
change, could lead to disapproval of part or all of the constructed cover. 
 
Response:  Sandia fully expects to construct the MWL cover to meet all specifications 
identified in the CMI Plan.  If these specifications cannot be met for any reason, the NMED 
will be informed of these discrepancies and a mutually-acceptable corrective action will be 
determined and implemented.   
 
13. Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.6 --  
The NMED strongly recommends that the Permittees add to the specifications for 
construction of the native soil layer a requirement for a minimum number of passes 
with compaction equipment. 
 
Response:  Part 3.3.6 of Section 02200 describes the installation of the native soil layer. Item 
5 of Part 3.3.6 states that for each lift “The Contractor shall compact to not less than 90 
percent of maximum dry density at -2 to +2 percentage points of optimum moisture content, 
as determined by ASTM D698 (Standard Proctor testing).”  Item 9 of the same section 
further states that “Lifts not compacted to the density and moisture content specifications or 
not meeting the requirements of this specification shall be reworked to the full depth of the 
lift and recompacted until the specifications are attained or the Operator accepts the 
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placement conditions.” 
 
With the requirement that the lifts be compacted, and tested to meet a specified compaction, 
it is not necessary to count the number of passes of compaction equipment, as long as the 
construction specifications are met.    
 
14.  Appendix B, Construction Quality Assurance Plan, Section 2.6.3, first sentence — 
Clarify what is meant by the first sentence: "The CQA Certifying Engineer is 
responsible for...certifying the CQA document has been approved by the NMED". Did 
the Permittees intend, instead, to require that the CQA Certifying Engineer be 
responsible for certifying the results of the CQA Report that is to be submitted for 
NMED approval?  If so, the first sentence should be revised to state "The CQA 
Certifying Engineer is responsible for certifying in a statement to the owner and the 
NMED that, in his or her opinion, the cover has been constructed in accordance with all 
plans and specifications". The next sentence of the paragraph explains further that the 
certification statement would normally be included in a CQA Report. 
 
Response:   The first sentence will be revised to state "The CQA Certifying Engineer is 
responsible for certifying in a statement to the owner and the NMED that, in his or her 
opinion, the cover has been constructed in accordance with all plans and specifications." 
 
15.  Appendix B, Construction Quality Assurance Plan, Section 8.7 -- The Final Report 
must be submitted to the NMED as part of the CMI Report. The Final Report must 
include copies of all quality control data generated by the construction contractor as 
well as the quality assurance data generated by the CQA contractor. 
 
Response:  The Construction Quality Assurance Report will include all quality control data 
generated by the construction contractor as well as quality insurance data generated by the 
CQA contractor.  The Construction Quality Assurance Report will be submitted to the 
NMED as part of the CMI Report.   
 
16.  Demonstrate with calculations and other information whether run-off and run-on 
controls have been adequately designed to handle peak precipitation events. Evaluate 
and discuss whether additional run-on controls should be constructed at locations 
further away from the landfill (e.g., at distances of 25 to 50 meters) to provide more 
protection for the cover from heavy rainfall events. 
 
Response:  Calculations have been prepared regarding the adequacy of the run-off and run-
on controls for handling peak precipitation events.  The complete calculation set and 
supporting exhibits are presented in Attachment 3.   The calculation results are summarized 
below.   
 
The site will be graded such that runoff from the site flows north, west and east.  There is a 
high point on the north side of the site that prevents flow from running onto the site.  Two 
swales will be provided to carry the flow to the north or the south.  This may be seen in 
Exhibit 1: Mixed Waste Landfill Final Cover Grading Plan”, included in the complete 
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calculation set (Attachment 3).   
 
The watershed basin draining onto the site has been delineated and is shown on Exhibit 2 of 
Attachment 3.  It is divided in to a north basin and a south basin that drain to the north and 
south swales respectively. 
 
Runoff was calculated using the City of Albuquerque Development Process Manual (City of 
Albuquerque 2006) criteria for the 100 year –6 hour storm.  The north basin generates 24 cfs 
and the north swale has the capacity for 79 cfs.   The south basin generates 6.5 cfs and the 
capacity of the south swale is 58 cfs. 
 
The swales are therefore sized with abundant capacity to prevent flow from entering the site 
and to carry the runoff around the site. 
 
The general drainage pattern in this area is a gentle slope to the west.  After the flow is 
discharged from the site, it drains westward and no additional controls are needed.  Exhibit 2 
shows the topography up to a minimum of 200 feet beyond the site to illustrate this. 
 
 
17.  Identify the criteria to be applied to determine whether the establishment of 
vegetation on the final cover is acceptable, including, but not limited to, species 
diversity, plant survival, and the extent of ground cover. Explain how measurements 
will be conducted in the field to assess these criteria. 
 
Response:   Establishment of the desired vegetation community on the MWL cover is 
anticipated to be the result of a successional process.  Ecological succession is a generally 
predictable pattern of orderly changes in the composition or structure of an ecological 
community.  Succession on the MWL will be initiated by the formation of this new, 
unoccupied habitat on the cover. 
 
The MWL cover will be seeded with grass species that have been identified as native to the 
surrounding area.  These grasses will eventually out-compete the weedy plants that dominate 
early in plant community succession.  The final cover soil has been collected from the local 
area in order to provide the correct growing substrate for the seeded plant species.  This soil 
is expected to contain a significant amount of weed seed, including large amounts of Salsola 
tragus seeds, commonly known as Russian thistle or tumbleweed.  No supplemental watering 
is planned for the MWL, although supplemental watering is widely recommended to 
facilitate establishment of native plants in a chosen area.  Due to a large amount of weed 
seeds and no supplemental watering, the early succession period is anticipated to be long.  
 
Mature Plant Community Criteria 
 
Vegetation on the MWL cover will be surveyed by a qualified biologist on a regular basis.  
This survey will include:  

• Identification of any barren areas 
• Identification of all plant species present on the cover 
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• Quantification of plant species present on the cover 
 
Plant species will be identified according to their scientific names.  Plant species will be 
quantified by determining the percent cover of each actively photosynthesizing species 
contained within a one-meter by one-meter survey quadrat.  These quadrat survey locations 
will vary across the cover at the time of each inspection in order to best reflect plant cover 
across the MWL.   
 
The mature, secondary plant community will be achieved when greater than 50% of the 
photosynthesizing foliar coverage is comprised of grass species native to the general TA-III 
area.   
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General Comments and Requirements for Soil-Gas 
Sampling 

 
 
As the Permittees are aware, most site characterization data for the MWL (other than 
groundwater data) dates before the mid 1990's. Because the rupturing of containers 
and the leaking of their contents could have occurred since the mid 1990's, the NMED 
requires more current soil-gas data to help resolve this issue. The Permittees shall 
therefore collect and analyze active soil-gas samples taken at depths of 10 and 30 feet at 
a minimum of three locations within the landfill where previous sampling has detected 
the highest soil-gas concentrations in the past. The soil-gas samples shall be analyzed 
for volatile organic compounds, tritium, and radon. Pursuant to Section VI.A of the 
Order on Consent (April 29, 2004), the Permittees shall provide for approval to the 
NMED within 30 days of receipt of this letter a work plan to conduct the active soil-
vapor sampling described above. The work plan shall be prepared in accordance with 
Section X.B of the Consent Order. 
 
 
Response:  A work plan has been developed which presents plans for sampling and analysis 
of soil gas at six locations within or adjacent to the MWL, and at two background locations.  
Soil gas samples will be collected at depths of 10 and 30 feet, and analyzed for VOCs.  Soil 
samples will be collected from the same locations and depths, and analyzed for tritium in soil 
moisture.  Samples for analysis of radon are difficult to obtain from soil gas samples; instead, 
radon sampling is proposed to be conducted along the MWL perimeter once the MWL cover 
has been completed. 
 
The sampling and analysis plan for soil gas VOCs and tritium and radon is presented in 
Appendix A. 
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Universal Soil Loss Calculations for the MWL Cover 
 

Using the 
 

Modified Universal Soil Loss Equation (MUSLE) 
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